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ON THE USE OF BORIC ACID AND FORMIC 
ALDEHYDE AS MILK PRESERVATIVES. 

BY SAMUEL RIDEAL, D.Sc. (LOND.), F.I.C, ~sD ALEXANDER G. R. 
FOULERTON~ F.R.C.S., D.P.H. (CAMB.). 

I~ the case of a perishable food-stuff--such as milk is--and one 
which has to be brought in, often from considerable distances, for 
distribution and consumption in large and densely populated urban 
districts, the use of a preservative--so long as that preservative is 
not injurious to the health of the consumer--is not  only legitimate, 
but is distinctly advantageous from the hygienic point of view. 

That this is the present opinion of the Board of Agriculture in 
this country is shown by the fact that in the Bill now before 
Parliament (62 ¥ie., ~ee. 1, 1. 20) it is proposed that "but ter  or 
milk shall not be deemed to be adulterated by reason only of the 
addition of any preservative or colouring matter which does not 
render the butter or milk injurious to health." The Local Govern- 
ment Board in their 1890-91 report also state that " the re  is no 
doubt that boric acid if taken in large quantities would be injurious 
to health ; but we have no sufficient information to show whether 
such minute amounts as are generally added as preservatives could 
be regarded as having that effect, and more exact information is 
wanted before it can be decided whether a process which primd 
facie may be regarded as intended to prevent the loss of valuable 
food must be held to be prohibited by law." 

In considering the effect of milk preservatives on the health of 
the consumer, we may practically disregard the average adult, 
whose consumption of milk with ~he daily diet is so small as to be 
unimportant. We have, on the other hand, to inquire very care- 
fully as to the effect of such substances in the case of the sick, for 
w, hom in many cases milk constitutes by far the most important 
source of sustenance. And, above all, we have to consider the 
effect, if any, of such preservatives on the health of the very large 
number of young children who, under the conditions of modern 
life, have to depend entirely upon cow's milk for nourishment 
during the first twelve months or so of their existence, and for a 
considerable period afterwards consume relatively large amounts 
of it. 

We have said that the addition to milk of a harmless preserva- 
tive is distinctly advantageous. In support of our statement we 
may briefly refer to the causes of the excessive infant mortality in 
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this country, which is maintained in spite of all advances in sanitary 
science. This excessive mortality is largely due to diarrhoea, and 
other results of injurious food, amongst children who have been 
brought up by "artificial feeding." It may be stated in general 
terms that the evil effects of artificial feeding are due either to the 
use of food which is in the first instance unsuitable, or to the use of 
food which, although primarily suitable, has undergone such changes 
as render it no longer proper for its purpose. Further, it may at 
once be said that suitably-prepared cow's milk is the only food for 
the bringing up of infants for whom the natural breast-milk is not 
available. The limited extent to which the milk of goats and asses 
can be used hardly affects the general application of this statement. 
That cow's milk may not itself become injurious as an article of 
food, it is essential that it should not have undergone certain fer- 
mentative changes to which it is particularly liable. These fermenta- 
tive changes are due to bacteria, which produc~ in their growth 
enzymes, which latter, acting more particularly upon the proteid 
and carbo-hydrate constituents of the milk, elaborate toxic sub- 
stances, which are now regarded as the principal, if not the only, 
cause of the diarrhoea so terribly fatal to the infant population 
during the warmer months of the year. The rapidity of bacterial 
growth, the activity of the resulting enzymes, and the amount of 
toxic substances produced, are all correlative, and all depend, so far 
as we know, upon one factor. With a rise in the atmospheric 
temperature the rate of growth of bacteria in milk increases, and 
this is accompanied by an increase in the rapidity of the conversion 
by bacterial enzymes of the nutrient constituents of milk into toxic 
substances. 

Now, all milk, from the time that it leaves the milking-pail, 
contains a considerable number of these potentially harmful 
bacteria, and the problem to be solved in connection with milk as a 
food-supply for crowded centres of population is to determine the 
most efficient method of checking the growth of these bacteria 
during the time which elapses before the milk reaches the con- 
sumer. Were it possible to ensure that all infants brought up by 
artificial feeding should at all times of the year receive a supply of 
cow's milk which was free from fermentative changes, a result would 
follow beside which it would be difficult to rank any other single im- 
provement in the public health hitherto achieved by sanitary science. 
As milk forms an important food for invalids, who are, we may 
assume, more susceptible to small quantities of these toxic sub- 
stances than healthy adults, the absence of such products from 
their milk-supply is also no less necessary. 

38 
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In addition to these so-called putrefactive bacteria, others of an 
actively pathogenic nature are known to occur in milk, and have 
been suspected as the cause of some epidemics of disease. The 
danger arising from such bacteria increases with their number in 
the milk, and any methods which are efficient in checking the 
multiplication of the putrefactive organisms will also tend to check 
the development of the pathogenic species possibly present. 

The methods available for keeping milk in a wholesome condition 
until it reaches the consumer may be divided into three groups : 

(i.) Those by which the milk is kept from tbe beginning at a 
sufficiently low temperature to inhibit or retard bacterial 
growth ; 

(ib) Those by which the majority of the bacteria present in the 
milk are killed by heat, and the milk subsequently stored 
under such conditions that fresh bacteria cannot obtain 
access to it ; and 

(iii.) The addition to milk of chemical preservatives which inhibit 
or retard bacterial growth. 

Whichever method is adopted must be applied to the milk early. 
It is no use to adopt methods which check bacterial growth after 
the milk has already undergone fermentative changes. The 
bacteria present may be killed by heat, or their further growth 
inhibited, but the toxic substances which they have produced remain 
in the milk. 

Methods (i.) and (ii.) have only a limited application, because 
(a) ef the expense, and (b) of the difficulties in connection with the 
distribution to the consumer. 

These difficulties do not apply to the preservation of milk by 
chemical means. 

It is, however, not within the scope of the present communication 
to discuss either of the first two methods of preservation. 

Notwithstanding the almost universal recommendation to prac- 
tise domestic heat sterilization, and the growing development of 
such pro~esses on an industrial scale, it must be noted that objec- 
tions have been raised to the use of this method, as rendering the 
milk less easy of digestion (Fliigge, Analyst, 1896, p. 102; Leeds 
and Corm, Phar~n. Journ., xxiii. 86). The facts that such milk often 
has a burnt taste, and that the fat undergoes some molecular 
change, have also been urged in objection to this method of pre- 
servation. It would seem, on the other hand, that no change is 
produced in the milk by a refrigerating process, so that this method 
is to be preferred, when practicable, to one involving the heating of 
the milk. 

In  this inquiry we have especially directed our attention to the 
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use of the more common preservatives of flesh milk, as we consider 
that the problem if solved for this food-stuff can then be easily 
dealt with in other cases. As already pointed out, the injurious 
effect of preservatives will be more marked in connection with milk 
than with any other food, as the former is taken in larger quantities, 
and in some cases is the only food available--e.g., for infants and 
invalids. At present we have also found it necessary to restrict 
our examination to formaldehyde, boric acid and borax, as being the 
preservatives in more general use ; but we hope to further extend 
the scope of this investigation, so as to include, amongst others, the 
benzoates and fluorides, two preservatives which seem to us, for 
various reasons, to be more likely to be suitable for preservative pur- 
poses than many others which have been suggested. In the course of 
this investigation our attention has also been drawn to the methods 
of preserving milk by means of carbonic acid and oxygen under 
pressure, and we have satisfied ourselves that these gases, under 
certain conditions, are available for milk preservation. Experi- 
ments in this direction are being continued by one of us. 

The souring of milk may be regarded as due to the development 
of several organisms, amongst which may be mentioned Bacillus 
lacticus, an a~robe, Bacillus b~etyricus (Hueppe), an anaerobe, and 
Bacillus coli communis, which last is almost invariably present in 
milk. The first is inactive below 9 ° C., but above this tempera- 
ture rapidly multiplies, converting milk-sugar into lactic acid 
(C12H220110H ~= 4CsH60~), and small quantities of other products 
{carbonic acid, etc.) are simultaneously produced. The action 
increases with increase of temperature, reaching a maximum 
between 85 ° ~o 40 ~., and is finally arrested at 45 ° C. 

The butyric change which accompanies and follows the lactic 
is due to the conversion of the casein into butyric acid and 
decomposition products, leucin, tyrosin, and ammonia having been 
identified. Bacill~ts coli communis coagulates milk by the formation 
of lactic acid, and also produces gases, indol and toxic bodies. 

Milk coagulates on boiling when the quantity of lactic acid pro- 
duced reaches a quantity equivalent ~o 23 c.c. deeinormal NaHO 
per 100 c.c. of milk,'and Thorner (Chem. Zeit., 1891, p. 1108) has 
suggested as a practical limit for wholesome milk an acidity 
equivalent to one-fifth its volume of decinormal soda. The casein 
coagulates in the cold when the proportion of lactic acid is 
0"6 per cent. 

Rideal and Slater (Lancet, April 21st, 1894) found that formalde- 
hyde in the proportion of 1 in 20,000 (8"5 grains per gallon) in- 
hibited the growth of Bacillus lacticus and Bacillus b~etyricus in 
bouillon cultures. 

38--2 



558 Boric Acid and Formic Aldehyde rr-abne a.~,th 

R. T. Thomson (Analyst, xxi. 65) found tha t  8"75 grains per 
gallon (1 in 8,000) formaldehyde kept milk sweet for over a week, 
and tha t  35 grains per gallon (1 in 2,000) of a mixture  of boric 
acid and borax was required to produce the same effect. 

Mayer (Dingl. Polyt. Journ., 247, 376) found tha t  a milk  which 
turned sour in twenty-five hours,  and coagulated after  twenty-eight,  
was kept by boric acid as follows : 

Q u a n t i t y  : Soured  C o a g u l a t e d  
G r a i n s  p e r  Gal .  i n  i n  

1 : 5,000 ... 14 30 hours. 47 hours. 
1 : 2,500 ... 28 35 ,, 47 ,, 
1 : 1,666 ... 42 56 ,, 60 ,, 

In  the following table we give the rate  of increase of bacteria and  
lactic acid in a sample  of milk  with and without different amounts  
of preservative.  

Milks marked  " 2 2  " and " 3 2  " were two samples  of milk pre- 
served by carbonic acid and oxygen, the former  being about  eight 
weeks old ( January  20th to March 21st) when opened, and the la t ter  
about  five (February  14th to March 21st). No. 32 contained in addi- 
tion to the gases a small  amount  of boric acid. In  nei ther  ease 
was the age of the milk when bottled recorded. 

I t  was noticed in these experiments  that  the odour of the sour 
mi lk  was not measured  either by the amount  of acidity as deter- 
mined by t i t rat ion nor  by the number  of a~robic organisms present .  
The . fo rma ldehyde  in proport ion of 1 in 25,000 seemed to have  a 
special re tarding effect on the liquefying organisms,  as it was 
possible to count the num ber  of a6robes even af ter  seventy-two 
hours '  growth,  when they had reached the large number  of over 
10,000,000. 

TABLE I. 

March 21st--at commencement. 

Z L a c t i c  Acid .  A~rob ic  O r g a n i s m s  
per C.C. 

M~k A .~.- i.~ .~. ~ . i  0"155 i 850,000 
,, "22"  10 

,, ~o ,, . . . . . . . . .  ! 0'151 ! less than 10 " " . . . . . . . . . .  r 0"176 

Maq*ch 22nd--after 24 hours. 

Grains 
p e r  Gal .  

84 
21 

YI~ A • °.  . . .  

0"12 % boric mix. 
0"03 % ,, ,, 
1 : 25,000 CH~0 ... 
1 : 100,000 ,, ... 
Milk "22"  . . . . . .  

, ,  ~ 3 ~  ~' . . . . . .  

0"446 
0"238 
0"274 
0"151 
0"241 
0'155 
0"180 

8,760,000 
5,960,000 
6,840,000 

710,000 
4,520,000 

less than 1,000,000 
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Ma,  ch 28rd--cefter 48 hours. 

i Mi lk  A . . . . . .  
0"12 % boric m i x .  

! 0.08 % . . . .  
1 : 25,000 CH,20 
1 : 100,000 ,, ... 
Milk " 2 2 "  . . . . . .  

" 8 2 "  

0"738t 
o.414! 
o.677~ 
o.284| 
0'655 ] 
0"198 
0"209 

! 

Liq.  colonies too nu -  
m e r o u s  to al low 
a n y  coun t ing .  

I 1,470,000 
[ 1 ,380 ,000  

Ma/rch 9_Ath--after 72 hours. 

Milk A . . . . . .  
0"12 % boric mix. 
0"08 % . . . .  
1 : 25,000 C H ~ 0  
1 : 100,000 ,, 
Milk " 2 2  ' . . .  

,~ " 8 2 "  . . .  

0-850 , 
o.814 L 
0"828 
0'601 ! 
o.81o ! 
0"787 
0"612 r 

10,280,000 

6,960,000 
7,120,000 

It is obvious from these experiments that formaldehyde in the 
proportion of 1 part per 100,000 is sufficient to preserve milk for at 
least twenty-four hours at ordinary temperature without production 
of excess of lactic acid. The milk examined was already some hours 
old, and showed 850,000 organisms per c.c., and 0"155 per cent. lactic 
acid, so that better results would be expected when ~he preservative 
is used on a fresh-drawn milk. 

Wi~h boric mixture it will be seen that 84 g~-ains per gallon will 
keep the same milk for forty-eight hours, and 9,1 grains per gallon 
for twenty-four hours. The figures are somewhat high for the same 
reason as in the case of formaldehyde; but it is evident that both 
preservatives in the quantities used retard the production of lactic 
acid, even in a milk already partially changed, for twenty-four 
to forty-eight hours. 

From Thomson's experiments and our own experience, we are 
inclined to fix as a minimum efficient quantity of these preserva- 
tives : 

(1) lqot less than 1 part in 50,000 of formaldehyde, and 
(9,) Not less than 35 grains per gallon (0"05 per cent.) of a mixture 

of boric acid and borax. 
These quantities are n~ore than sufficient for bond-fide trade 

purposes, viz., to enable milk to be preserved in a wholesome 
condition for twenty-four hours. 

We have purposely fixed somewhat high figures for these 
minimum amounts of preservative, as it was our object to investi- 
gate the influence of those quantities which would be of practical 
utility, but it is possible in cold weather, or in combination with a 
pasteurizing process, to reduce considerably the limits we now 
suggest. 
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We can assume therefore, that the above quantities are the 
maximum required, and it is necessary to consider whether such 
limiting amounts are injurious to the health of the consumer, 
having due regard to the quantity of milk taken. 

The evidence obtainable as to the effect upon health of any 
particular preservative used for food is of the following nature : 

(I.) The influence'exerted by the substance in artificial diges- 
tive experiments carried out in the laboratory with the 
various enzymes. 

This evidence has a certain value. Thus, if a substance has a 
definite retarding influence upon digestive processes outside the 
body, one may fairly assume that it will have the same effect when 
similar proportions are taken into the intestinal tract with the 
food. On the other hand, it cannot be taken as certain that any 
substance which does not exert a retarding effect on digestive 
experiments carried out in the laboratory will have a similar nega- 
tive action when taken into the stomach with the food, since in 
the latter case there are other factors of a biological character to be 
taken into account. Thus, in considering the effect of a substance 
taken with the food, one has not merely to deal with its influence 
on the  natural action of the enzymes, but also with its effect on 
the secretion of the enzymes themselves. 

(IL) The effect of contact for a prolonged period upon the 
subsequent digestibility of the preserved food. 

(III.) The effect of the substance when taken by healthy 
persons or when administered to lower animals. 

(IV.) And finally there is the known effect of the drug on 
human beings when administered in medicinal doses. 

I. AND II.--ARTIFICIAL I)I6ESTION IN PRESENCE OF BORIC ACID 
COMPOUNDS AND FORMALDEHYDE. 

Amongst the most careful experiments on the influence of pre- 
servatives on artificial digestion are those carried out by Chittenden. 
These were made with a view to investigating the influence of boric 
acid compounds on (1) the amylolytic action of saliva, and (9,) the 
proteolytic digestion by (a) artificial gastric juice and (b) artificial 
pancreatic mixture. He established the facts (1) that borax exerts 
a distinctly retarding influence on the amylolytic action of saliva, 
and (2) that boric acid, on the contrary, in small amounts tends to 
increase rather than retard its action, whilst with 1 per cent. there 
was a slight retardation. In gastric digestion he found that small 
quantities of boric acid or borax tended to increase the amount 
of proteid digested, but that larger amounts had again a retarding 
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influence. With pancreatic digestion varying results were obtained 
according to the reaction of the trypsin solut/on. The amount of 
proteid digested was increased with all proportions of borax used 
up to 10 per cent. ; with boric acid, on the contrary, digestion was 
very slightly retarded in quantities up to 1 per cent. In alkaline 
solution, borax favoured digestion up to 2 per cent. Otto Hehner 
(Analyst, 1891, p. 126) earlier concluded that boric acid had no 
retarding influence on peptic digestion in amounts up to 1"2 per 
cent. Leffmann and Beam (Journ. Soc. Chem. Indust., 1888, p. 582), 
and H. A. Weber (Journ. Amer. Chem. Soc., 1892, p. 4) obtained 
contrary results. Mabery and Goldsmith (Journ. Amer. Chem. See., 
1897, p. 889) agree with Chittenden as to boric acid not retarding 
the gastric digestion of fibrin. Leffmann (Journ. Franklin Institute, 
1899, p. 97) considers boric acid and sodium benzoate the least 
objectionable of the preservatives. 

As we coul~t find no similar literature on the influence of formalde- 
hyde, we have carried out a series of experiments, using various 
digestive enzymes with different quantities of formaldehyde, and 
side by side with these we give comparative experiments carried 
out under similar conditions with boric acid mixture (75 per cent. 
borax, 25 per cent. boric acid). 

(A) AMYLOZYTIC DIGESTION. 

SALIVARY masS~IOS OF ST~Cm 

Fifty-one c.c. of fresh saliva were allowed to stand one hour in a 
cylinder and the clear portion decanted. 

• Seven bottles containing 100 c.c. of starch emulsion were pre- 
pared in the same way as in the pancreatic experiments, warmed 
to 38 ° C., 5 c.c. of clear saliva added, and digestion conducted a t  
38 ° C. for half an hour. The whole set were then raised rapidly to 
100 ° C. to stop further action, cooled, and titrated with Pavy's 
solution. 

It was noticed that on adding the saliva they all became rapidly 
clear except No. 7, which was somewhat slower in clearing. 

TABLE II. 

S u g a r  produced Relation t o  
N u m b e r ,  P r e s e r v a t i v e .  = g r i n s .  M a l t o s e ,  N o .  1. 

Nil ... . . .  

Formaldehyde 

~, . . °  

Boric mixture 

S t r e n g t h .  

. . .  

... I in 100,000 

... ,, 50,000 

. . . .  , 10,000 

... ,, 2,000 
• . .  ,, 1 , 0 0 0  
... ,, 888 

-444O 
"4434 
"4259 
"8951 
•8922 
"8897 
"3817 

100 
99 "8 
96 
89 
88"3 
87"8 
8 6  
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The above results show that the boric acid mixture retards some- 
what salivary digestion, and we further confirmed those results by 
a repeat series of experiments. 

Loew (Journ. Prakt. Chem., ii. 37, 101) has also studied the 
influence of formaldehyde on diastatic digestion, and Weber (Journ. 
Ame~: Chem. Soc., xiv. 4) has recorded the retarding influence of 
borax on salivary digestion. Cripps, on the other hand (Analyst, 
1897, p. 183), finds that boric acid has little influence on salivary 
digestion. 

DIGESTION OF STARCH.  

Three series of seven bottles, each containing a uniform starch 
paste (made by boiling 10 grammes of arrowroot with 1 litre of 
water, cooling, making up to 1 litre, and mixing), were treated 
with the quantity of preservative and of ferment mentioned below, 
maintained for half an hour at 38 ° C., and then titrated with Pavy's 
solution. 

In the blank and Nos. 1, 2 and 3 the starch had become a nearly 
clear liquid; in 4, 5, 6 it still remained cloudy. The Taka fluid 
liquefied the starch very rapidly, but did not produce so much 
sugar as the other ferments. 

TABLE III. 

Numbe~ 
in each 
Series. 

Blank. 
1 
2 
3 
4 

Preservative. 

Nil . . . . . .  
Formaldehyde 

B o r i c  m i x t u r e  

Zyinin 
child), 

in 1( 

Amount, Total 
Sugar 
pro. 

duced 
= grins. 
Maltose. 

- -  :: "3910  
linlO0,O00ii 877 
,, 50,00011"3588 
,, 1 0 0 0 0 1 " 3 5 7 8  
,,  2 , 0 0 0 '  "3025 
,,  1 ,000" i "2455  
,, 3 3 8  "1982  

Formaldehyde, therefore, in the strengths usually employed 
exerts little or no influence on diastatic digestion, whereas boric 
compounds have a marked retarding effect. 

N.B.--Tho "boric mixture" used for the experiments was a 
white powder, used commercially for preserving, and containing 
24"83 per cent. of crystallized borax and 73"9"2 per cent. of boric 
acid H3B03. 

Cripps (Analyst, 1897, p. 184) has also examined the influence of 
boric acid on zymine digestion. 
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(B) PROTEOLYTIC DmEs~ios. 

(i.) P E P S I N  D I G E S T I O N  O F  RAW B E E F S T E A K .  

" P e p s i n  aseptic, 1 in 3 ,000"  (Parke Davis), in scales, and minced,  
washed and pressed beefsteak, containing 22"27 per cent. of water, 
were used in this series of experiments .  

A series of eleven bottles were prepared,  containing : 
15 grins, mois t  beefsteak [ = 3"34 grms.  d r y =  0"53 grin. N] ;  
1 c.c. of 25 per  cent. HCI  [=0"25  grm.  HC1]; 
The preservat ives  as below;  and 
Water  to 100 c.c. 

Digested one hour  at  38 ° C. and filtered, 10 c.c. of the filtrate 
kjeldahled. 

The first four were digested immediately.  The next seven rested 
in contact with the preservat ive for twenty-four  hours  before adding 
the  pepsin  and acid. 

TABLE IV. 

N u m ~ r .  

11 

Grammes N Percentage 
Preservat ive.  St rength .  i n  whole of N 

Fi l t ra te .  dissolved. 

F I R S T  S E R I E S  : 

Nil ._ ... 
Acid, bu~'no pepsin ... 
Formaldehyde ... 
Boric mixture . . . . .  . 

SECOND S E R I E S  : 

Formaldehyde 
,~ °.o 

~ °.o 

Boric mixture ... 

Formaldehyde 

w 

1 in 50,000 
,, 1,000 

... ,, 100,000 

... ,, 50,000 

... ,, 10,000 

... ,, %000 

... ,, 1,000 

... ,, 838 

... ,, 2,500 

'2478 
"0798 
"2422 
"2688 

-2268 
"2240 
"2114 
"2408 
"2247 
"1834 
"2016 

46"8 
15"0 
45"7 
50"7 

42"8 
42'8 
39"9 
45"5 
42"2 
84"6 
38"0 

Nos. 1 and 3 filtered about  equally easi ly;  2 and 4 passed a t  a 
m u c h  slower rate.  The ra te  of filtration in the same t ime was 
approximate ly  : 

No. 1. No. 2. No. 3. No. 4. 

44 29 50 28 

In  the second series no appreciable difference was noticed in the 
filtering. 

The  digested fibrin in No. 4 was a little whiter than  the others ,  
No. 10 m u c h  whiter.  

The  filtrates had  no distinct odour.  
On peptic digestion formaldehyde in the weaker dilutions has  

only a trifling effect, even after  twenty hours '  previous contact  with 
the mea t  ; while a s t rength of 1 in 2,500 only reduces the amoun t  
digested f rom 46"8 to 38 per cent. after the long contact.  
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With boric mixture the digestion is at first actually favoured, 
although a longer preliminary contact and a greater strength (1 in 
383) causes an appreciable retardation (46"8 to 84"6). 

This behaviour of boric acid had been observed by one of us in a 
paper published some years ago on papain digestion (Year-Book of 
Pharmacy, 1894). Tartaric acid behaved similarly. 

T A B L E  V .  

Strength of Acid. 

0"1 p e r  c e n t .  
0"25  ,, 
0"5 ,, 

Percentage of Egg-Albumin left undigested. 

Tartaric. Boric. 

73"3  74"7  
71"7 73"3  
65"4  71"6  

The same papain, with distilled water, under the same conditions, 
left 78"0 per cent. of albumin undigested. 

With papain, formaldehyde in the stronger solutions had an 
arresting effect. Thus, with egg-albumin the percentage un- 
digested was : 

1 in 10,000. 1 in 1,000. 1 in 100. 

65"9  78"8  83"1  

(it.) PANCREATIC D I O E S T I O N ~ D I G E S T I O N  OF CASEIN.  

(i.) Four bottles, each containing 50 c.c. of good ordinary milk 
(not skimmed), with or without preservatives as below, were warmed 
to 88 ° C., treated with 5 grains each of zymine (except the blank), 
and kept at 38 ° C. for half an hour with gentle agitation at 
intervals. 1 c.c. of 10 per cent. sulphuric acid (=0"2 per cent. in 
the milk) was then added. The blank No. 2 coagulated normally, 
but the others remained yellowish emulsions. With the object of 
obtaining filtration, they were cooled and made up to 100 c.c., then 
closed and heated in boiling water for about twenty minutes, when 
a ¢oagulum separated and slow filtration was possible. 10 e.c. of 
the clear filtrate was kjeldahled= 5 c.c. of the milk. 

(it.) Six bottles were similarly treated, but the preservative w a s  

loft in contact for twenty hours before adding the zymine and start- 
ing the digestion. 

All the samples after digestion had a strong cheesy odour 
except No. 2. 

Formalin in the usual dilutions has little effect on pancreatic 
digestion, while the influence of the boric mixture is inappreciable. 
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T A B L E  VI .  

Number. 

5 
6 
7 
8 
9 

10 

P r e s e r v a t i v e .  

FIRST S E R I E S  : 

Z y m i n e ,  no preserva-  
t ive  ... 

No z y m i n e  nor  pre- 
s e rva t ive  . . . . . .  

F o r m a l d e h y d e  ... 
Bor ic  m i x t u r e  ... 

S E C O N D  S E R I E S  : 

F o r m a l d e h y d e  ... 
,~ . . . . .  o 

Boric  m i x t u r e  ... 

. °o  

Strength. 

1 in  50,000 
,, 1,000 

,, 100,000 
,, 50,000 
,, 10,000 
,, 2,000 
,, 1,000 

i ,, 833 

Weight of 
Nitrogen 

dissolved. 

Grammes. 

"02604 

"00896 
"0252 
"02576 

"02464 
"02450 
"0238 
"0259 
"02534 
"02548 

Ditto per 
100 cc. 

of Milk. 

(]l~mlnes. 

"5208 

"1792 
"504 
"5152 

"4928 
'4900 
"476 
'518 
"5068 
"5096 

Relation 
to No. 1. 

100 

34 ',~ 
97 
99 

94"~ 
94"] 
91",~ 
99",~ 
97 ",~ 
97"7 

(C)  INFLUENCE ON THE CURDLngG OF M I L K  BY CHYMOSIN. 

Five samples of milk were warmed to 38 ° C. and mixed with 1 in 
80 of " essence of rennet," and allowed to stand at room tem- 
perature. 

One sample had no preservative ; the others had been previously 
mixed with 

Formaldehyde . . . . . .  1 in t00,000 and 1 in 10,000. 
Bor ic  m i x t u r e  . . . . . .  ,, 2,000 ,, 333. 

Very little difference was noticed in the result, except that the 
borated samples showed a little more tendency to separate, and the 
curd was slightly more solid. Cripps (Analyst, 1897, p. 184) notes 
that 1 per cent. boric acid favours the production of the firmest 
curd. 

The general conclusions which may be drawn from these experi- 
ments on artificial digestion may be summarized as follows : 

Neither boric acid mixture, in the proportion of 1 in 2,000, nor 
formaldehyde, 1 in 50,000, has any appreciable effect on the 
proteolytic action of the peptic and pancreatic enzymes. The 
amylolytic action of saliva is distinctly retarded by the boric acid 
mixture, but to a much less extent by formaldehyde. It  must, 
however, be borne in mind that salivary digestion does not exist in 
infants, and has possibly only a minor importance in the metabolic 
economy of adults. 

Taka diastase is interesting as being a mould ferment, and 
because of the marked influence which the boric acid mixture has 
on retarding its amylolysis. 

The preservatives have no marked effect on the digestibility of 
the food after contact for twenty to twenty-four hours prior to the 
action of the enzyme. 
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III. AND I¥.--EFFECT UPON MAN AND ANI~IALS. 

The literature on boric acid compounds shows that the effect of 
these preservatives upon man and animals is well known, but we 
have found very little information as to the exact effect of form- 
aldehyde on animals or man which would help us at arriving at 
any decision as to the quantity (if any) which might be regarded as 
injurious to health. Formaldehyde has been used medicinally in 
the form of diluted vapour in the treatment of such diseases as 
whooping-cough and phthisis, but no exact dosage has been formu- 
lated. When used in this way, no injurious effects have been 
recorded. 

We have seen from our digestion experiments that formaldehyde 
in the proportion of 1 in 50,000 (a) does not sensibly retard the 
action of the principal digestive enzymes, and (b) that food after 
being kept for about twenty-four hours in contact with this amount 
of preservative is not rendered materially less digestible. It was 
necessary, however, to make a somewhat extended inquiry as to 
the effect upon animals, and, as in the former experiments, we 
endeavoured to trace the action of those quantities which are of 
practica ! utility for preservative purposes. 

1. Cats.--Three kittens, about three months old, from the same 
litter, were selected, and fed on milk containing varying amounts 
of formaldehyde. The weight changes are shown in Diagram 1. 
It will be seen that two of the cats steadily increased in weight, 
and one remained stationary during the four weeks of observation, 
notwithstanding t h e  fact that the quantity of formaldehyde was 
gradually augmented. 

Assuming that a child weighing 12 lb. takes 82 oz. of milk per 
diem containing 1 part in 50,000 of formaldehyde, we have then 
the total amount of about 0"8 grain of formaldehyde per day, corre- 
sponding approximately to "004 gramme per kilo, and it will be 
noticed that the cats were taking quantities of formaldehyde con- 
siderably in excess of this amount. 

2. Rabbits.--Similar results were obtained in the case of a rabbit 
which was under observation for a period of six weeks. 

This animal received 50 grammes of food per diem, the total 
nitrogen being 0"78. It was found that the animal gained in 
weight, but showed some increase in the amount of nitrogen 
excreted, which, however, at no time reached the amount ingested. 
The animal was therefore supplied from the beginning with an 
excess of nitrogenous food. The results are shown in Diagram 9.. 

3. Guinea-pigs.--The effect of adding formaldehyde to the diet 
of a guinea-pig (No. 6) is shown in Diagram 9.. It will be seen 
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that formaldehyde in proportions up to 1 part in 10,000 in 10 e.c. of 
milk and 20 grammes of non-treated food had no appreciable effect. 
In guinea-pig b 1 (Diagram 2), which was dieted in the same way, a 
loss in weight occurred after a gain in weight, so that we do not 
attach any considerable importance to this test. The total nitrogen 
per day ingested was equal to 0"468 gramme, and at no time did 
the nitrogen excreted reach this figure. 

We conclude from these experiments that formaldehyde in 
quantities necessary for the preservation of milk has no marked 
effect upon proteid metabolism, as evidenced by the variation in 
weight of the animals experimented on, or by waste of ingested 
nitrogen. 

We propose extending observations of this kind over a longer 
period, and with other animals, so that our conclusion must be 
regarded as only provisional. We have also to consider the more 
direct action of formaldehyde on animal tissues. The only previous 
experiments which we need allude to are those of l~osso and 
Paoletti (Royal Turin Academy of Medicine), who found that (1) 
formalin ÷ added to egg-albumin in the proportion of 1 in 300 
affects it in such a manner that only a portion coagulates on heat- 
ing. • 0001 of formalin in 1 c.c. water added to 5 c.c. egg-albumin 
solution represents the limit at which formalin retains its power of 
preventing coagulation. This corresponds to 1 part formaldehyde 
in 2,500. (2) It was found that 1 part formalin per 1,000 did not 
affect the frog's heart ; that 3 to 5 parts per 1,000 slightly decreased 
the frequency of pulsations, whilst I in 100 caused a marked decline. 
The same authors found that frogs placed in a solution of 0"025 
per cent. were quite unaffected, and that 0"05 per cent. limits the 
toxicity for frogs. The same authors experimented on dogs, but, as 
toxic quantities were employed, we need not further allude to them. 

We have found that fish (goldfish, tenth, and minnows) live with- 
out any obvious harm in an aquarium filled with water containing 
1 part in 50,000 formaldehyde changed daily for six days, and that 
frogs suffered no apparent inconvenience from immersion for two 
hours in a solution of 1 part in 20,000. We think it is manifest 
that if fish can live in this strength of formaldehyde for six days 
without injury it would be impossible to attribute any toxic effect 
upon animal tissues to milk containing this proportion. 

We have also made a few observations on the action of dilute 
formaldehyde on the heart of a pithed frog, and have found that 
the application of a solution of 1 in 1,000 did not affect in the 
slightest degree either the frequency or force of the contractions, 

Formalin ~ 40 per cent. of formaldehyde. 
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1 in 500 has, however, a slight effect, while a short application of 
1 in 100 had a marked effect in weakening and slowing the action. 

We therefore are of the opinion that, so far as our present 
knowledge is concerned- 

(l) Boric acid in the proportion of 1 in 2,000 and formaldehyde 
in the proportion of 1 in 50,000 are effective preservatives for milk 
for a period of twenty-four hours ; 

(2) That these quantities have no appreciable effect upon diges- 
tion ; 

(8) That these quantities have no appreciable effect upon the 
digestibility of foods preserved by them ; and 

(4) That formaldehyde in the above proportion, so far as our in- 
vestigations have extended, does not appear to have any injurious 
action upon animal tissues or on nutrition. 

PR~VE~TmN OF TUB]~RCULOSIS.--The Corporation of Huddersfield 
have recently adopted the following resolutions on this subject: (1) 
That the veterinary surgeons be desired to co-operate with the Corpora- 
tion in dealing with infectious disease by forthwith notifying according 
to the forms to be provided for that purpose to the medical officer of 
health all cases of tuberculosis in milch cattle occurring within the 
borough, and also any cases occurring outside, if any milk from such 
farm is delivered for purposes of sale within the borough, immediately 
on his becoming aware of the presence of such disease, and that for 
every notification of a fresh case a fee of ls. be paid to such notifying 
veterinary surgeon. (2) That in any case where there is reasonable 
ground tor difference of opinion as to the presence or otherwise of 
tuberculous disease in any milch cattle, tuberculin be supplied by the 
Corporation for the purpose of definitely testing such cattle, and that a 
fee of 2s. 6d. be paid for such operation to the veterinary surgeon, 
provided that full details of the various reactions be forthwith supplied 
to the medical officer of health. 

STANDARD OF PURITY FOR ~EWAGE EFFLUENTs.--V¢ith reference to 
the degree of sewage effluent purity necessary for public health purposes, 
I take it that all that is required is that this effluent shall not, when 
turned into a water-course, continue to undergo decomposition and 
smell offensively. In Lancashire generally the streams into which 
sewage effluents are turned are not drawn upon as sources of public 
water-supply, and probably never will be, and few will contend that 
merely for the encouragement of boating, bathing, or fishing, manufac- 
turing towns upon which the welfare of the community so largely 
depends should be put to any unnecessary material expense in regard 
to sewage purification. I t  has been asserted by at least one competent 
chemist that the public health requirement of non-putrescibility can be 
fulfilled by an effluent of considerably less purity than that required by 
the Mersey and Irwell joint committee. If this be so, it would be 
interesting, from the strictly public health point of view, to learn why 
this apparently unnecessary degree of purification is required.--DR. 
PORTER, Stockport. A.1¢., 1897. 


